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V.MECHANICS,COOLING,ANDMAGNETICSHIELDING

Wearedevelopingthemechanicstosupportthedetectorinthedrainagegallerysitesoas

toallowbothmodularassemblyandmovementofthedetectortoastowedpositionduring

accessperiods.

Wehaveaworkingdesignconsistingofthreestacks,oneforeachofthethreelayers

alongthemCPflightdirection,thatcanbeseparatelyassembled.Thescintillatorbarsare

mountedontrayswithineachstackassketchedinFig.2.Thethreestacks,eachofwhich

mightweighupto⇠2000kg,willbemountedonanadjustableplatformthatcantiltthe

fullassemblytopointtowardthecollisionpoint,orberetractedtoahorizontalorientation

tobemovedasideduringaccessperiods.

FIG.2:Asketchoftheworkingdesignforthemechanicalsupport.Therowsofscintillator

barsandPMTsaremountedintrayswithinthreeseparatestacks.Themiddlestackis

o↵sethorizontallyby1/2unitasdiscussedlaterinthisdocument.Anadjustableplatform

supportsallthreestacksandcanbetiltedtopointtowardthecollisionpointfordata

takingorberetractedtoahorizontalorientationduringaccessperiods.

Thesidesoftheassemblywouldbecoveredwithamu-metalskinformagneticshielding

andenclosedfortemperaturecontrol.Thesizeofthedrainagegalleryleaveslittleclearance

atthecornersofthedetector,whichconstrainsthethicknessandmountinginthoseregions.

However,thespacealongthesidesofthedetectorisnotconstrained.Weenvisionusing
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• No	
  evidence	
  for	
  new	
  physics	
  at	
  the	
  LHC	
  

• Any	
  phase	
  space	
  we	
  might	
  not	
  be	
  exploring?	
  

• milliQan	
  experiment	
  searches	
  for	
  milli-­‐
charged	
  par9cles	
  (mCP)	
  produced	
  at	
  the	
  LHC	
  	
  

• Exis9ng	
  detectors	
  miss	
  such	
  par9cles	
  due	
  to	
  small	
  
energy	
  deposits	
  and	
  large	
  background	
  

• Limits	
  from	
  low	
  energy	
  and	
  direct	
  CMS/
ATLAS	
  searches	
  cover	
  only	
  low	
  mass	
  and	
  
high	
  charge	
  region	
  

• MmCP>1	
  GeV	
  and	
  Q<0.3e	
  region	
  unexplored	
  

• milliQan	
  provides	
  a	
  unique	
  opportunity	
  to	
  
explore	
  this	
  region
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FIG. 7: Expected sensitivity for di↵erent LHC luminosity scenarios. The black line shows

the expected 95% C.L. exclusion (solid) and 3� sensitivity (dashed), assuming 300 fb�1 of

integrated luminosity. In blue we show the corresponding expectations for 3000 fb�1.

X. TIMELINE AND NEXT STEPS

We aim to have the experiment ready for physics during Run 3. To that end, we envisage

the following timeline:

• Construct small fraction of detector (⇠ 10%) in next 2 yrs

• Install partial detector in PX56 by end of Run 2 (YETS 2017 + TS in 2018)

• Commission and take data in order to evaluate beam-on backgrounds in situ

• Construction + Installation of remainder of detector during LS2 (2019–2020)

• Final commissioning by spring 2021

• Operate detector for physics for duration of Run 3 and HL-LHC (mid 2021–)

The next step in the milliQan project is to seek external funding to enable at least the

10% construction. No such funding has yet been secured for this project, but one or more

proposals to one or more funding agencies are being prepared for the near future.
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• There	
  are	
  mul9ple	
  ways	
  to	
  get	
  mili-­‐
charged	
  par9cles	
  

• A	
  new	
  U(1)	
  in	
  dark	
  sector	
  with	
  massless	
  
dark-­‐photon	
  (A’)	
  and	
  massive	
  dark-­‐
fermion	
  (ψ)	
  

• A’	
  and	
  B	
  kine9cally	
  mix	
  	
  

• Charge	
  of	
  ψ	
  is	
  propor9onal	
  to	
  mixing	
  (κ)

milli-­‐charged	
  par9cles

3
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• There	
  are	
  mul9ple	
  ways	
  to	
  get	
  mili-­‐
charged	
  par9cles	
  

• A	
  new	
  U(1)	
  in	
  dark	
  sector	
  with	
  massless	
  
dark-­‐photon	
  (A’)	
  and	
  massive	
  dark-­‐
fermion	
  (ψ)	
  

• A’	
  and	
  B	
  kine9cally	
  mix	
  	
  

• Charge	
  of	
  ψ	
  is	
  propor9onal	
  to	
  mixing	
  (κ)

Standard	
  
Model	
  	
  
(SM)
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• With	
  charge	
  down	
  to	
  10-­‐3e,	
  dE/dx	
  is	
  10-­‐6	
  
of	
  Q=1e	
  par9cles	
  

• EM	
  interac9on	
  propor9onal	
  to	
  Q2	
  

• need	
  large,	
  ac9ve,	
  sensi9ve	
  area	
  to	
  produce	
  signals,	
  
even	
  as	
  small	
  as	
  single	
  photon	
  

• Composed	
  of	
  3	
  layers	
  of	
  80x5x5	
  cm	
  
scin9llator	
  arrays	
  poin9ng	
  back	
  to	
  CMS	
  IP	
  

• par9cles	
  from	
  IP	
  should	
  go	
  through	
  all	
  3	
  layers:	
  
reduces	
  random	
  combinatoric	
  backgrounds	
  

• Light	
  converted/amplified	
  by	
  
photomul9plier	
  tube	
  (PMT)

V.MECHANICS,COOLING,ANDMAGNETICSHIELDING

Wearedevelopingthemechanicstosupportthedetectorinthedrainagegallerysitesoas

toallowbothmodularassemblyandmovementofthedetectortoastowedpositionduring

accessperiods.

Wehaveaworkingdesignconsistingofthreestacks,oneforeachofthethreelayers

alongthemCPflightdirection,thatcanbeseparatelyassembled.Thescintillatorbarsare

mountedontrayswithineachstackassketchedinFig.2.Thethreestacks,eachofwhich

mightweighupto⇠2000kg,willbemountedonanadjustableplatformthatcantiltthe

fullassemblytopointtowardthecollisionpoint,orberetractedtoahorizontalorientation

tobemovedasideduringaccessperiods.

FIG.2:Asketchoftheworkingdesignforthemechanicalsupport.Therowsofscintillator

barsandPMTsaremountedintrayswithinthreeseparatestacks.Themiddlestackis

o↵sethorizontallyby1/2unitasdiscussedlaterinthisdocument.Anadjustableplatform

supportsallthreestacksandcanbetiltedtopointtowardthecollisionpointfordata

takingorberetractedtoahorizontalorientationduringaccessperiods.

Thesidesoftheassemblywouldbecoveredwithamu-metalskinformagneticshielding

andenclosedfortemperaturecontrol.Thesizeofthedrainagegalleryleaveslittleclearance

atthecornersofthedetector,whichconstrainsthethicknessandmountinginthoseregions.

However,thespacealongthesidesofthedetectorisnotconstrained.Weenvisionusing
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milliQan:  A new detector for milli-charged particles at the LHC
Claudio Campagnari, Matthew Citron, Riccardo Escobar Franco, Connor Grady, Jonathan Guiang, Ryan Heller, Ryan Hensley, 

Leonardo Jappelli, Christopher Madsen, Bennett Marsh, Justin Michel, David Stuart, Jae Hyeok Yoo  (UCSB)

Theoretical Motivation

Demonstrator Plan

Andy Haas, NYU 5

Detector idea

● Aim to detect single photons in 3 adjacent large scintillators 
pointing back to IP, within a small time window (15 ns)

Detector unit: 5x5x80 cm scintillator + photomultiplier  

Produces light when charged 
particle passes through it

Converts light to 
electric signal

light

electric signal

20 x 20 x 3 unitsTo explain the existence of dark matter, a dark 
sector is introduced. A photon in the dark sector 

(dark photon) can mix with the photon in Standard 
Model, resulting in milli-charged particles.

FIG. 7: Expected sensitivity for di↵erent LHC luminosity scenarios. The black line shows

the expected 95% C.L. exclusion (solid) and 3� sensitivity (dashed), assuming 300 fb�1 of

integrated luminosity. In blue we show the corresponding expectations for 3000 fb�1.

X. TIMELINE AND NEXT STEPS

We aim to have the experiment ready for physics during Run 3. To that end, we envisage

the following timeline:

• Construct small fraction of detector (⇠ 10%) in next 2 yrs

• Install partial detector in PX56 by end of Run 2 (YETS 2017 + TS in 2018)

• Commission and take data in order to evaluate beam-on backgrounds in situ

• Construction + Installation of remainder of detector during LS2 (2019–2020)

• Final commissioning by spring 2021

• Operate detector for physics for duration of Run 3 and HL-LHC (mid 2021–)

The next step in the milliQan project is to seek external funding to enable at least the

10% construction. No such funding has yet been secured for this project, but one or more

proposals to one or more funding agencies are being prepared for the near future.
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In order to estimate the feasibility of the experiment thoroughly, 1% of the detector is installed  as a “demonstrator”

LHC beam

CMS

Interaction 
point

milliQan

Jae$Hyeok$Yoo$(UCSB) No$mee2ng$(02/15/2018) 1

slab1

slab2

slab3

2x3

2x3

2x3

2x3$configura-on$$
@ 2x2$configura2on$not$touched$except$for$the$ch8$and$

ch9$
@ ch8$bar$and$ch9$bar$switched$
@ R7725$on$ch8$replaced$with$R878$

@ moved$sidecar$bars$to$the$top$right$side$of$each$layer$
@ sidecar$support$removed$

@ added$new$bars$to$the$top$leP$side$of$each$layer$
@ BoQom$layer:$OSU$bars$
@ Middle$and$top$layers:$UCSB$bar+PMTs

Slabs$
@ L@shape$support$for$slab$2$and$3$made$by$Rob$$
@ no$support$for$slab1$because$it$fits$nicely$between$HS$

packs$and$MQ$bars:$puZng$some$tape$would$be$enough$
@ slab4$(top,$not$shown$in$the$photo)$needs$a$mount$that$

Rob$will$make$

HV$spli6ers$
@ Moved$down$below$the$table$to$give$space$for$panels$
@ ET$box$under$boQom$layer$and$R878/R7725$boxes$under$

top$and$middle$layers

Br
ia
n

Hodoscope$
@ Added$one$horizontal$pack$to$boQom$HS$$
@ Added$one$ver2cal$pack$to$top$HS

M. Citron mcitron@ucsb.edu 12
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Double gaussian for beam/non beam component  
 → time allows strong non-beam background rejection
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Downward 
cosmic muons
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beam 

muons

Demonstrator can “see” muons from collisionsLocation of detector in tunnel above LHC collision point Installed demonstrator

Also installed auxiliary detectors in order 
to improve understanding backgrounds   

milli-charged particles go through 3 layers

Collecting data with the demonstrator 
in 2018 to understand the detector 

system and study the backgrounds in 
great detail. UCSB has been a key 

player in building and operating the 
detector as well as data analyses.

Matthew Citron
(UCSB)

Ryan Heller
(UCSB)

Jae Hyeok Yoo
(UCSB)

Installation team in front of the demonstrator
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Theoretical Motivation

Demonstrator Plan

Andy Haas, NYU 5

Detector idea

● Aim to detect single photons in 3 adjacent large scintillators 
pointing back to IP, within a small time window (15 ns)

Detector unit: 5x5x80 cm scintillator + photomultiplier  

Produces light when charged 
particle passes through it

Converts light to 
electric signal

light

electric signal

20 x 20 x 3 unitsTo explain the existence of dark matter, a dark 
sector is introduced. A photon in the dark sector 

(dark photon) can mix with the photon in Standard 
Model, resulting in milli-charged particles.

FIG. 7: Expected sensitivity for di↵erent LHC luminosity scenarios. The black line shows

the expected 95% C.L. exclusion (solid) and 3� sensitivity (dashed), assuming 300 fb�1 of

integrated luminosity. In blue we show the corresponding expectations for 3000 fb�1.

X. TIMELINE AND NEXT STEPS

We aim to have the experiment ready for physics during Run 3. To that end, we envisage

the following timeline:

• Construct small fraction of detector (⇠ 10%) in next 2 yrs

• Install partial detector in PX56 by end of Run 2 (YETS 2017 + TS in 2018)

• Commission and take data in order to evaluate beam-on backgrounds in situ

• Construction + Installation of remainder of detector during LS2 (2019–2020)

• Final commissioning by spring 2021

• Operate detector for physics for duration of Run 3 and HL-LHC (mid 2021–)

The next step in the milliQan project is to seek external funding to enable at least the

10% construction. No such funding has yet been secured for this project, but one or more

proposals to one or more funding agencies are being prepared for the near future.
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Theoretical Motivation

Demonstrator Plan

Andy Haas, NYU 5

Detector idea

● Aim to detect single photons in 3 adjacent large scintillators 
pointing back to IP, within a small time window (15 ns)

Detector unit: 5x5x80 cm scintillator + photomultiplier  

Produces light when charged 
particle passes through it

Converts light to 
electric signal

light

electric signal

20 x 20 x 3 unitsTo explain the existence of dark matter, a dark 
sector is introduced. A photon in the dark sector 

(dark photon) can mix with the photon in Standard 
Model, resulting in milli-charged particles.

FIG. 7: Expected sensitivity for di↵erent LHC luminosity scenarios. The black line shows

the expected 95% C.L. exclusion (solid) and 3� sensitivity (dashed), assuming 300 fb�1 of

integrated luminosity. In blue we show the corresponding expectations for 3000 fb�1.

X. TIMELINE AND NEXT STEPS

We aim to have the experiment ready for physics during Run 3. To that end, we envisage

the following timeline:

• Construct small fraction of detector (⇠ 10%) in next 2 yrs

• Install partial detector in PX56 by end of Run 2 (YETS 2017 + TS in 2018)

• Commission and take data in order to evaluate beam-on backgrounds in situ

• Construction + Installation of remainder of detector during LS2 (2019–2020)

• Final commissioning by spring 2021

• Operate detector for physics for duration of Run 3 and HL-LHC (mid 2021–)

The next step in the milliQan project is to seek external funding to enable at least the

10% construction. No such funding has yet been secured for this project, but one or more

proposals to one or more funding agencies are being prepared for the near future.
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beam
Entries  1769
Mean  1.956− 
Std Dev     8.824

MinIf$(time_module_calibrated,((chan==8||chan==9)&&nPE>=200)||((chan==11||chan==10)&&nPE>=75))-MinIf$(time_module_calibrated,(layer==1&&nPE>=200)) {MinIf$(time_module_calibrated,((chan==8||chan==9)&&nPE>=200)||((chan==11||chan==10)&&nPE>=75))>0&&MinIf$(time_module_calibrated,layer==1&&nPE>=200)>0&&beam}

Double gaussian for beam/non beam component  
 → time allows strong non-beam background rejection

Beam on: Layer 3 time - layer 1 time
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Downward 
cosmic muons

Upward 
beam 

muons

Demonstrator can “see” muons from collisionsLocation of detector in tunnel above LHC collision point Installed demonstrator

Also installed auxiliary detectors in order 
to improve understanding backgrounds   

milli-charged particles go through 3 layers

Collecting data with the demonstrator 
in 2018 to understand the detector 

system and study the backgrounds in 
great detail. UCSB has been a key 

player in building and operating the 
detector as well as data analyses.

Matthew Citron
(UCSB)

Ryan Heller
(UCSB)

Jae Hyeok Yoo
(UCSB)

Installation team in front of the demonstrator

pulse area [pVs]
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Able to detect single photons

Max Swiatlowski
(U. Chicago)

Brian Francis
(OSU)

Josh De La Haye 
(CERN)

Installed	
  demonstrator	
  	
  
(before	
  covering	
  with	
  panels)• Installed	
  2x2x3	
  in	
  2017	
  fall	
  

• Upgraded	
  to	
  2x3x3	
  with	
  veto	
  
channels	
  in	
  2018	
  Feb

IP

• Running	
  since	
  2017	
  fall	
  
• Collected	
  useful	
  data	
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• Important	
  because	
  it	
  tells	
  us	
  how	
  small	
  
charge	
  the	
  MQ	
  can	
  detect	
  

• Calculate	
  NPE	
  for	
  cosmic	
  muon	
  (Q=1e)	
  

• NPE	
  =	
  Pulse	
  area	
  (cosmic	
  muon)	
  /	
  Pulse	
  area	
  (SPE)	
  

• Extrapolate	
  it	
  to	
  frac9onal	
  charges	
  by	
  Q2	
  

• Cosmic	
  muons	
  from	
  ver9cal	
  path	
  

• SPE	
  from	
  auerpulses	
  

• SPE	
  pulse	
  area	
  measurement	
  also	
  done	
  on	
  the	
  bench	
  
as	
  a	
  valida9on

Demonstrator	
  results:	
  in	
  situ	
  charge	
  calibra9on	
  

19

cosmic	
  	
  
muon

NPE	
  =	
  
SPE

single	
  photoelectron
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Demonstrator	
  results:	
  in	
  situ	
  charge	
  calibra9on	
  

20

cosmic	
  muon
• Important	
  because	
  it	
  tells	
  us	
  how	
  small	
  
charge	
  the	
  MQ	
  can	
  detect	
  

• Calculate	
  NPE	
  for	
  cosmic	
  muon	
  (Q=1e)	
  

• NPE	
  =	
  Pulse	
  area	
  (cosmic	
  muon)	
  /	
  Pulse	
  area	
  (SPE)	
  

• Extrapolate	
  it	
  to	
  frac9onal	
  charges	
  by	
  Q2	
  

• Cosmic	
  muons	
  from	
  ver9cal	
  path	
  

• SPE	
  from	
  auerpulses	
  

• SPE	
  pulse	
  area	
  measurement	
  also	
  done	
  on	
  the	
  bench	
  
as	
  a	
  valida9on
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Demonstrator	
  results:	
  in	
  situ	
  charge	
  calibra9on	
  

21

High voltage [V]
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410

 = 4900
PE

Channel 5, N

B-field on • Pulse	
  area	
  as	
  a	
  func9on	
  of	
  HV	
  for	
  a	
  PMT	
  

• NPE	
  for	
  Q=1e	
  is	
  ~5k	
  

• Flight	
  distance	
  of	
  cosmic	
  muons	
  in	
  
scin9llator	
  is	
  5	
  cm	
  

• For	
  through-­‐going	
  muons,	
  the	
  flight	
  
distance	
  is	
  80	
  cm	
  

• NPE	
  for	
  thru-­‐going	
  muon	
  is	
  5k	
  x	
  80/5	
  =	
  80k	
  

• Since	
  NPE	
  is	
  propor9onal	
  to	
  Q2
	
  	
  

• NPE	
  =	
  1	
  for	
  Q	
  ~	
  0.003e	
  

• Consistent	
  with	
  full	
  Geant4	
  simula9on	
  results

	
  factor	
  of	
  ~5k

cosmics

SPE
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Demonstrator	
  results:	
  beam	
  muons

22

Event	
  display	
  of	
  a	
  muon	
  from	
  collisions • Understand	
  the	
  demonstrator	
  using	
  
muons	
  from	
  collisions	
  

• alignment,	
  triggering,	
  9ming	
  
calibra9on,	
  etc

IP
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Demonstrator	
  results:	
  beam	
  muon	
  occupancy

23

CMS	
  instantaneous	
  luminosity
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Demonstrator	
  results:	
  beam	
  muon	
  occupancy

24

Number	
  of	
  thru-­‐going	
  par9cles	
  

CMS	
  instantaneous	
  luminosity
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Demonstrator	
  results:	
  beam	
  muon	
  occupancy
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milliQan	
  
CMS	
  luminosity

date

Demonstrator	
  is	
  “seeing”	
  muons	
  
from	
  collisions	
  at	
  CMS	
  IP	
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Demonstrator	
  results:	
  luminosity	
  structure	
  within	
  a	
  fill

26

hours from the start of a fill
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Number of events with at least one hit in each endNumber of events with at least one hit in each end • Rate	
  of	
  thru-­‐going	
  par9cles	
  as	
  a	
  
func9on	
  of	
  9me	
  (hour)	
  	
  

• Rate	
  decreases	
  exponen9ally	
  
• consistent	
  with	
  trend	
  of	
  instantaneous	
  

luminosity	
  (9me	
  constant:	
  13±2h	
  vs	
  14h)
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Demonstrator	
  results:	
  9ming	
  of	
  thru-­‐going	
  par9cles

27
David Stuart, UC Santa Barbara

Milli-charged particlesMilliQan Demonstrator: running with 1% of full detector 

E.g.,: muons from collisions

22

Learning a lot about operations and backgrounds.

Top-bottom hit time [ns]Top	
  hit	
  9me	
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  boxom	
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Event	
  display	
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  from	
  collisions top

boxom Distance	
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  direc9on
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Mechanical	
  design	
  for	
  full	
  detector

28

The detector module
X Building block of the detector.
X Holds the scintillator units and Pb blocks.
X Section of two by two scintillator units, three in line, total of 12.
X Weight: 59 Kg.

15

16

Detector in pointing position (43 
degrees)

44

Scintillators units group 21

Due	
  to	
  spa9al	
  constraint,	
  use	
  9-­‐step	
  form	
  
Design	
  well	
  advanced	
  and	
  finalizing	
  details

x6

IP
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Summary	
  and	
  Plan

29

• milliQan	
  experiment	
  has	
  a	
  unique	
  sensi9vity	
  to	
  
unexplored	
  mmCP=1-­‐100	
  GeV	
  and	
  Q<0.3e	
  region	
  

• Demonstrator	
  installed	
  last	
  year;	
  being	
  used	
  to	
  
validate	
  design	
  and	
  measure	
  backgrounds	
  

• Learning	
  a	
  lot	
  about	
  background	
  and	
  gaining	
  experience	
  in	
  
detector	
  opera9on	
  

• Demonstrator	
  data	
  might	
  provide	
  first	
  sensi9vity	
  to	
  the	
  
uncovered	
  region	
  

• Full	
  detector	
  is	
  planned	
  to	
  be	
  installed	
  during	
  LS2	
  

• Look	
  forward	
  to	
  building	
  and	
  running	
  it	
  to	
  discover	
  nature’s	
  
secret	
  par9cle!
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FIG. 7: Expected sensitivity for di↵erent LHC luminosity scenarios. The black line shows

the expected 95% C.L. exclusion (solid) and 3� sensitivity (dashed), assuming 300 fb�1 of

integrated luminosity. In blue we show the corresponding expectations for 3000 fb�1.

X. TIMELINE AND NEXT STEPS

We aim to have the experiment ready for physics during Run 3. To that end, we envisage

the following timeline:

• Construct small fraction of detector (⇠ 10%) in next 2 yrs

• Install partial detector in PX56 by end of Run 2 (YETS 2017 + TS in 2018)

• Commission and take data in order to evaluate beam-on backgrounds in situ

• Construction + Installation of remainder of detector during LS2 (2019–2020)

• Final commissioning by spring 2021

• Operate detector for physics for duration of Run 3 and HL-LHC (mid 2021–)

The next step in the milliQan project is to seek external funding to enable at least the

10% construction. No such funding has yet been secured for this project, but one or more

proposals to one or more funding agencies are being prepared for the near future.
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A Letter of Intent to Install a Milli-charged Particle Detector at

LHC P5

Austin Ball,1 Jim Brooke,2 Claudio Campagnari,3 Albert De Roeck,1 Brian Francis,4

Martin Gastal,1 Frank Golf,3 Joel Goldstein,2 Andy Haas,5 Christopher S. Hill,4 Eder

Izaguirre,6 Benjamin Kaplan,5 Gabriel Magill,7, 6 Bennett Marsh,3 David Miller,8 Theo

Prins,1 Harry Shakeshaft,1 David Stuart,3 Max Swiatlowski,8 and Itay Yavin7, 6

1CERN

2University of Bristol

3University of California, Santa Barbara

4The Ohio State University

5New York University

6Perimeter Institute for Theoretical Physics

7McMaster University

8University of Chicago

(Dated: July 19, 2016)

Abstract

In this LOI we propose a dedicated experiment that would detect “milli-charged” particles

produced by pp collisions at LHC Point 5. The experiment would be installed during LS2 in

the vestigial drainage gallery above UXC and would not interfere with CMS operations. With

300 fb�1 of integrated luminosity, sensitivity to a particle with charge O(10�3) e can be achieved

for masses of O(1) GeV, and charge O(10�2) e for masses of O(10) GeV, greatly extending the

parameter space explored for particles with small charge and masses above 100 MeV.
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https://arxiv.org/abs/1607.04669
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FIG. 4: Number of expected mCP particles per fb�1 of integrated luminosity incident at

the detector as a function of the mass of the milli-charged particle. To illustrate the

dependence of the acceptance on the charge, the Q2 production dependence has been

factored out by normalizing the cross section for all charge scenarios to that for a

milli-charged particle with Q = 0.1 e.

where NPE =
⇣

Q
⇠

⌘
2

is the average number of photoelectrons produced for a given charge.

The constant of proportionality ⇠ was estimated by finding the electric charge that gives 1

photoelectron, given the material light yield, a 10% detection e�ciency, the length of the

scintillator and typical energy deposits of a minimally ionizing particle. It was found to be

⇠ ⇡ 0.0024. Comparing this estimate to the Geant4 e�ciencies, we find good agreement,

especially for the large mass regime (not shown). The mCPs in the lower mass regime are

more relativistic, and deposit less energy.

Combining the estimated background rates discussed in Section VIII with the cross-

sections, acceptances and e�ciencies calculated for all masses and electric charges, the sen-

sitivity projections of the milliQan experiment for LHC and HL-LHC are shown in Figure 7.

14

FIG.	
  4	
  in	
  LOI	
  
Number	
  of	
  expected	
  mCP	
  
par9cles	
  per	
  |-­‐1	
  of	
  integrated	
  
luminosity	
  incident	
  at	
  the	
  
detector	
  as	
  a	
  func9on	
  of	
  the	
  
mass	
  of	
  the	
  milli-­‐charged	
  
par9cle.	
  To	
  illustrate	
  the	
  
dependence	
  of	
  the	
  acceptance	
  
on	
  the	
  charge,	
  the	
  Q2	
  
produc9on	
  dependence	
  has	
  
been	
  factored	
  out	
  by	
  
normalizing	
  the	
  cross	
  sec9on	
  
for	
  all	
  charge	
  scenarios	
  to	
  that	
  
for	
  a	
  milli-­‐charged	
  par9cle	
  
with	
  Q	
  =	
  0.1	
  e.	
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Geant4	
  simula9on

32

(a)

(b)

FIG. 5: Depiction of the (a) full detector and (b) a single scintillating block with coupled

phototube, as implemented in the Geant4 detector simulation. The mCP is yellow and

radiated photons are green.
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FIG. 5: Depiction of the (a) full detector and (b) a single scintillating block with coupled

phototube, as implemented in the Geant4 detector simulation. The mCP is yellow and

radiated photons are green.
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FIG. 5: Depiction of the (a) full detector and (b) a single scintillating block with coupled

phototube, as implemented in the Geant4 detector simulation. The mCP is yellow and

radiated photons are green.
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Detec9on	
  efficiency

33
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FIG. 6: E�ciencies for (a) a single scintillator block and coupled PMT and (b) the whole

detector with 15ns triple-incidence, as determined from the Geant4 detector simulation.
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FIG. 6: E�ciencies for (a) a single scintillator block and coupled PMT and (b) the whole

detector with 15ns triple-incidence, as determined from the Geant4 detector simulation.
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(a)

(b)

FIG. 6: E�ciencies for (a) a single scintillator block and coupled PMT and (b) the whole

detector with 15ns triple-incidence, as determined from the Geant4 detector simulation.
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8
8

Fitting in the gallery 12
Fitting test will be done as soon as 
possible
it is a frame that represents the whole volume of the detector

13

fi~ng	
  test

support	
  structure	
  
already	
  installed 26

32

32
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16
Scintillators units group 21

Scintillator support

X Material: Aluminum
X Weight: 0.34 Kg
X Thickness: 20mm
X Technology: water Jet Cut

22

PMT support

X Material: plastic (nylon polyamide).
X Weight: 0.23 Kg.
X Thickness: 30mm.
X Technology: Water Jet Cut.

23

Self load simulation
X Deformation of the detector module at three different positions 

supported the grid plates.
X Module of the first layer (bottom layer).

33

Self	
  load	
  simula9on
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Preparing the demonstrator in SX5

06/09/17 martin.gastal@cern.ch 9

¾A MilliQan team assembled and tested the demonstrator in SX5 – Sept 1/15
¾Many thanks to HCAL for letting us use their alcove

Assembling the demonstrator

06/09/17 martin.gastal@cern.ch 15

¾Mechanics
Lowering the demonstrator

06/09/17 martin.gastal@cern.ch 14

¾Taking the components to the detector location

Detector Concept
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milliQan:  A new detector for milli-charged particles at the LHC
Claudio Campagnari, Matthew Citron, Riccardo Escobar Franco, Connor Grady, Jonathan Guiang, Ryan Heller, Ryan Hensley, 

Leonardo Jappelli, Christopher Madsen, Bennett Marsh, Justin Michel, David Stuart, Jae Hyeok Yoo  (UCSB)

Theoretical Motivation

Demonstrator Plan

Andy Haas, NYU 5

Detector idea

● Aim to detect single photons in 3 adjacent large scintillators 
pointing back to IP, within a small time window (15 ns)

Detector unit: 5x5x80 cm scintillator + photomultiplier  

Produces light when charged 
particle passes through it

Converts light to 
electric signal

light

electric signal

20 x 20 x 3 unitsTo explain the existence of dark matter, a dark 
sector is introduced. A photon in the dark sector 

(dark photon) can mix with the photon in Standard 
Model, resulting in milli-charged particles.

FIG. 7: Expected sensitivity for di↵erent LHC luminosity scenarios. The black line shows

the expected 95% C.L. exclusion (solid) and 3� sensitivity (dashed), assuming 300 fb�1 of

integrated luminosity. In blue we show the corresponding expectations for 3000 fb�1.

X. TIMELINE AND NEXT STEPS

We aim to have the experiment ready for physics during Run 3. To that end, we envisage

the following timeline:

• Construct small fraction of detector (⇠ 10%) in next 2 yrs

• Install partial detector in PX56 by end of Run 2 (YETS 2017 + TS in 2018)

• Commission and take data in order to evaluate beam-on backgrounds in situ

• Construction + Installation of remainder of detector during LS2 (2019–2020)

• Final commissioning by spring 2021

• Operate detector for physics for duration of Run 3 and HL-LHC (mid 2021–)

The next step in the milliQan project is to seek external funding to enable at least the

10% construction. No such funding has yet been secured for this project, but one or more

proposals to one or more funding agencies are being prepared for the near future.
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Target this region!  

GeV range unprobed, 
and would be 

produced at LHC

In order to estimate the feasibility of the experiment thoroughly, 1% of the detector is installed  as a “demonstrator”

LHC beam

CMS

Interaction 
point

milliQan

Jae$Hyeok$Yoo$(UCSB) No$mee2ng$(02/15/2018) 1

slab1

slab2

slab3

2x3

2x3

2x3

2x3$configura-on$$
@ 2x2$configura2on$not$touched$except$for$the$ch8$and$

ch9$
@ ch8$bar$and$ch9$bar$switched$
@ R7725$on$ch8$replaced$with$R878$

@ moved$sidecar$bars$to$the$top$right$side$of$each$layer$
@ sidecar$support$removed$

@ added$new$bars$to$the$top$leP$side$of$each$layer$
@ BoQom$layer:$OSU$bars$
@ Middle$and$top$layers:$UCSB$bar+PMTs

Slabs$
@ L@shape$support$for$slab$2$and$3$made$by$Rob$$
@ no$support$for$slab1$because$it$fits$nicely$between$HS$

packs$and$MQ$bars:$puZng$some$tape$would$be$enough$
@ slab4$(top,$not$shown$in$the$photo)$needs$a$mount$that$

Rob$will$make$

HV$spli6ers$
@ Moved$down$below$the$table$to$give$space$for$panels$
@ ET$box$under$boQom$layer$and$R878/R7725$boxes$under$

top$and$middle$layers

Br
ia
n

Hodoscope$
@ Added$one$horizontal$pack$to$boQom$HS$$
@ Added$one$ver2cal$pack$to$top$HS

M. Citron mcitron@ucsb.edu 12
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MinIf$(time_module_calibrated,((chan==8||chan==9)&&nPE>=200)||((chan==11||chan==10)&&nPE>=75))-MinIf$(time_module_calibrated,(layer==1&&nPE>=200)) {MinIf$(time_module_calibrated,((chan==8||chan==9)&&nPE>=200)||((chan==11||chan==10)&&nPE>=75))>0&&MinIf$(time_module_calibrated,layer==1&&nPE>=200)>0&&beam}

beam
Entries  1769
Mean  1.956− 
Std Dev     8.824

MinIf$(time_module_calibrated,((chan==8||chan==9)&&nPE>=200)||((chan==11||chan==10)&&nPE>=75))-MinIf$(time_module_calibrated,(layer==1&&nPE>=200)) {MinIf$(time_module_calibrated,((chan==8||chan==9)&&nPE>=200)||((chan==11||chan==10)&&nPE>=75))>0&&MinIf$(time_module_calibrated,layer==1&&nPE>=200)>0&&beam}

Double gaussian for beam/non beam component  
 → time allows strong non-beam background rejection

Beam on: Layer 3 time - layer 1 time

hours
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Number of events with at least one hit in each endNumber of events with at least one hit in each end

ΔΤ (layer 3 - layer 1) [ns]

Downward 
cosmic muons

Upward 
beam 

muons

Demonstrator can “see” muons from collisionsLocation of detector in tunnel above LHC collision point Installed demonstrator

Also installed auxiliary detectors in order 
to improve understanding backgrounds   

milli-charged particles go through 3 layers

Collecting data with the demonstrator 
in 2018 to understand the detector 

system and study the backgrounds in 
great detail. UCSB has been a key 

player in building and operating the 
detector as well as data analyses.

Matthew Citron
(UCSB)

Ryan Heller
(UCSB)

Jae Hyeok Yoo
(UCSB)

Installation team in front of the demonstrator

pulse area [pVs]
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Able to detect single photons

Max Swiatlowski
(U. Chicago)

Brian Francis
(OSU)

Josh De La Haye 
(CERN)

Lowering the demonstrator

06/09/17 martin.gastal@cern.ch 14

¾Taking the components to the detector location

Installa9on	
  of	
  demonstrator
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  of	
  demonstrator

37

Survey and alignment
¾The detector had to be aligned with CMS IP
¾Projection of CMS network into gallery done during TS1
¾Alignment of detector carried out by Noemie Beni and Benoit Cumer

06/09/17 martin.gastal@cern.ch 18
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Charge	
  calibra9on:	
  bench	
  setupSetup

3

PMT
LED

HV

e.g. -1450 V

Function
Generator

DRS
(scope)

TRG INPMT Output

2000x filter 20 ns pulse

Optional cardboard 
light-blocker

Trigger scope on the LED 
pulse, so PMT response falls in 
well-defined time window

No need for any peak-finding, 
and allows us to trigger on 
“blank” (0-PE) events

Can control 〈NPE〉 by varying 
amplitude of input LED pulse

PMT

LED

3D-printed 
casing to hold 
PMT, LED, filters

LED:
Thorlabs LED430L
430 nm (blue/violet)

PMTs:
Hamamatsu R878
Hamamatsu R7725
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Charge	
  calibra9on:	
  bench	
  results
SPE Calibration

5

● SPE Calibration usually relies on fitting the peak of the 
area distribution to, for example, a gaussian

● Neglects large tail on left due to non-optimal trajectories 
in PMT (e.g. photon skips cathode and strikes first 
dynode directly, electron skips dynode, etc.)

● LED method allows us to account for this by measuring 
the 0-PE spectrum directly 

SPE Calibration Strategy

● Obtain pulse area distributions for both “LED on” and 
“LED blocked” configurations

● Scale so left edges match, and then use ratio of areas 
to estimate f = (fraction of 0-PE events)

● Assuming Poisson distribution, 

● Calculate average SPE response with:

R878 @ 1450V

Dotted histogram is estimated area distribution for events with at least one PE

Vertical line is estimated mean response from SPE events

Method from Saldanha et al., https://arxiv.org/abs/1602.03150

1PE

2PE

1PE	
  peak	
  at	
  80	
  pVs
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Timeline & Next Steps
• Plan is to have experiment ready for physics before Run 3 (2020) 

• Construction/Installation during LS2 

• Take data for Runs 3,4,5, … 

• Have already installed 1/100th scale demonstrator in tunnel that has been taking data since September 2017 

• Opportunity to make in situ background measurements with beam before Run 3 

• Have already learned a lot from this data about operating environment 

• Engineering/mechanics at an advanced stage 

• Final support structure already in place, module designs becoming mature 

• On track to meet schedule (if funded) 

• M&S ~$1M

3rd milliQan collaboration meeting, Nov. 2017

David	
  Stuart	
  (UCSB)

Chris	
  Hill	
  (OSU) Andy	
  Haas	
  (NYU)

Claudio	
  Campagnari	
  (UCSB)

David	
  Miller	
  (U	
  of	
  Chicago)

Frank	
  Golf	
  (U	
  of	
  Nebreska)
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Timeline & Next Steps
• Plan is to have experiment ready for physics before Run 3 (2020) 

• Construction/Installation during LS2 

• Take data for Runs 3,4,5, … 

• Have already installed 1/100th scale demonstrator in tunnel that has been taking data since September 2017 

• Opportunity to make in situ background measurements with beam before Run 3 

• Have already learned a lot from this data about operating environment 

• Engineering/mechanics at an advanced stage 

• Final support structure already in place, module designs becoming mature 

• On track to meet schedule (if funded) 

• M&S ~$1M

3rd milliQan collaboration meeting, Nov. 2017Brian	
  Francis	
  	
  
(OSU)

Maxhew	
  Citron	
  	
  
(UCSB)

Max	
  Swiatlowski	
  
(U	
  of	
  Chicago)

Ryan	
  Heller	
  	
  
(UCSB/Fermilab)

Jae	
  Hyeok	
  Yoo	
  
(UCSB)

David	
  Stuart	
  (UCSB)
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